Because of the high prevalence of myopia in Taiwan, understanding the risk factors for its development and progression is important to public health.
Introduction
Myopia is a highly prevalent disease throughout the world. High myopia is often associated with vision debilitating diseases such as cataract, glaucoma, maculopathy, and retinal detachment [ 1, 2, 3 ]. Myopia-associated maculopathy has been reported as a leading cause of irreversible blindness in many countries [ 4, 5, 6, 7, 8, 9 ] . Previous research determined that controlling myopic progression in children could lower the relative risk of development of myopic maculopathy, retinal detachment, and posterior subcapsular cataract by about 5 times, 3 times, and 1.5 times, respectively [ 10 ] . Therefore, screening for myopic children and preventing or reducing myopic progression is of paramount importance to protecting and promoting public health.
About 30 years ago, the Taiwan Ministry of Education (MOE) initiated the Taiwan Student Vision Care Program (TSVCP) to combat myopia. Nationwide, school nurses conduct regular vision testing in elementary school students every semester. Students with vision below 20/25 are required to visit an ophthalmologist for further evaluation [ 11 ] . This national screening program has resulted in approximately 80% of schoolchildren in Taiwan being seen by ophthalmologists for further eye care and intervention for myopia progression control. Despite these efforts, myopia prevalence in Taiwanese schoolchildren did not decrease significantly. Therefore, understanding the possible environmental and lifestyle factors that may contribute to myopia progression is of paramount importance in promoting the ocular health of these children. In this study, we investigated the environmental and lifestyle factors associated with myopia progression in schoolchildren regularly followed at our outpatient clinic in a regional medical hospital in Northern Taiwan. The result of this study may identify the potential risks factors for myopia, influencing future health policies for vision care among children.
Methods

Study Design and Patient Population
To understand the risk factors for progression of myopia and the influence of each, a specially designed survey of schoolchildren's family background and daily activities was conducted. The questionnaire combined patient characteristics and behaviour with clinical information. The study targeted those who, at the time of our study, were either referred to ophthalmologists' offices after failing the school vision screening or were returning myopia patients of the ophthalmologists. Only schoolchildren aged 6-20 years were included in the study. The data collection period was from February 2018 to November 2018. All the patients were referred to the interviewers by their ophthalmologist after full explanation of the purpose of the study and obtaining written informed consent from the participants (if of legal age) or their parents or guardians. This study was carried out according to the tenets of the Declaration of Helsinki and the Research Governance Framework for Health and Social Care. The questionnaire was completed by parents / guardians and schoolchildren together or by the children themselves if they were old enough to read the questions. This study was approved by the Institutional Review Board of Taipei Tzu-Chi Hospital (identifier, 06-X22-086).
Of the 603 patients invited to take part, 522 completely answered all the questions.
The inclusion criteria for our subjects were: (i) outpatients with myopia or pseudomyopia; (ii) speakers of Chinese or Taiwanese; (iii) age between 6 and 20 years; (iv) ability of parents / guardians to provide informed consent; and (v) lack of other serious eye diseases.
Ethics, Governance, and Consent
Clinical data were obtained from patients' ophthalmologists regarding their dioptres, myopia progress since the last annual visit, and treatment. To include appropriate questions in the survey, the potential risk factors that contribute to myopia were drawn from a systematic review of the relevant literature.
Outcome Measures
Two types of outcome measures were obtained. First, the degree of myopia was measured in dioptres for both eyes. Secondly, the progress of myopia was measured by calculating the increase in schoolchildren's dioptres in the past year.
Risk Factors
The myopia risk factors were obtained from the recent literature [ 12, 13, 14, 15, 16 ]. Shih et al. reported the effectiveness of atropine on myopia progression in Taiwanese schoolchildren [ 17 ] . Thus, whether or not the myopia was treated with long-acting mydriatics (i.e., atropine) was considered as an influential factor. Genetics has long been linked directly to myopia. Thus, parents' myopia or not was included as an effective measure of the genetic factor. Daily activities such as hours spent on exercise, sleep, study (near work activity), TV watching, usage of electronic devices with an illuminated screen, and hours spent in "cram school" (confined environment) after regular school hours may potentially affect children's vision. Family background information such as living space, income level, and parents' knowledge about vision care were controlled for in the analyses. Clinical information included presence of other eye problems such as amblyopia or heterotropia, intake of food supplements, academic achievement measured by school grade, height, weight, age of onset of myopia, frequency of office visits, and the use of vision corrective tools.
Vision Care Knowledge
Schoolchildren's vision can be better cared for if parents have the relevant vision care education. Ten questions, designed in a 5-point Likert scale, were used to ascertain the eye care knowledge of the parents / guardians (or the students if of legal age). A score of five on the Likert scale meant strongly agree and 1 meant strongly disagree. The questions were as follows.
a. Long-acting mydriatic agent is harmful to eyes.
b. Long-acting mydriatic agent is proven to be effective in controlling myopia. c. Vision deteriorates faster for people with myopic squinting and seeing without appropriate corrective lenses d. It is better not to wear eyeglasses even when you have myopia since eyeglasses may very likely make your vision worse. e. Pupil dilating effect will disappear once you stop using mydriatic agents.
f. Corrective lens power should be less than your real power since the full correction lenses may accelerate myopia progression. g. Usage of electronic devices will accelerate myopia progression.
h. Eye health and vision can be improved by adequate outdoor activities and exercise.
i. "30/10 Rule" refers to every 30 minutes spent in near work activity requires a 10minute rest.
j. High myopia is nothing to worry. It is not associated with retinal problems, glaucoma, cataract, or any other eye diseases.
For the above ten questions, a higher number in the Likert scale meant better knowledge except for the four questions that were reverse-scored (a, d, f, and j).
Based on the answers, each respondent received a knowledge index score from 1 to 100, with higher scores indicating a greater level of vision care knowledge.
Sampling
Myopia is a common eye problem in Taiwan. Since the Taiwan MOE and Ministry of Health and Welfare have collectively implemented an eye care program in all level of schools and the vision impairment referral rate has achieved 80%, it is reasonable to believe that outpatient services for myopia cover a representative range of schoolchildren with myopia. The patients surveyed were from Tzu-Chi Hospital, Taipei Branch, which is a regional medical hospital in northern Taipei.
Multivariate Regression Analysis
The ordinary least square (OLS) method was employed to explain the variation in degree of schoolchildren's nearsightedness. Dioptre for each child was obtained. The progression of nearsightedness in the past year was also transcribed from the children's medical record to gain an understanding of the extent to which each risk factor contributed to the progression of myopia. Various functional forms of OLS estimates were explored to find a good model of fit, including linear, natural log, and quadratic forms. Table 1 provides the descriptive analysis of schoolchildren's demographic information, including age, gender, family income, and the distribution of degree of myopia. Of all sampled schoolchildren, the average age (± standard deviation) was 11.31 (±3.08) years; boys comprised 49.81% of the schoolchildren with myopia. On average, participants had a follow-up visit to the ophthalmologist office every 4.17 (±1.80) months. Approximately 22.56% of the sampled patients went to private school, which is considered to be more demanding in terms of academic work. A total of 62.45% of the sampled schoolchildren also attended an independent private class after school for test preparation or extended learning, or so-called "cram schools" in Taiwan. Their daily activities included an average daily habit of using electronic devices, TV watching, studying, and exercise of 1.94, 1.77, 3.08, 3.68 hours, respectively. The average age of myopia onset was 8.24 years. Columns (2) to (4) present the results by educational stages. The progression of myopia within the past year was most severe for primary schoolchildren and mildest for high school students. are also shown to contribute to refractive error [ 21, 22, 23 ]. The sampled children in this study reported that lack of exercise was most likely to cause their myopia, followed by extensive hours of reading, and TV watching, with approval rates of 3.80, 3.71, and 3.57, respectively, on the 5-point Likert scale. 
Results
Patient Demographics
Multivariate Analyses and Sensitivity Tests
In order to understand the extent to which each factor contributes to schoolchildren's myopia, multivariate regression analyses were conducted. Absolute values of dioptre were employed as the dependent variable. The analysis results, as shown in Table 4 , were drawn from four regression estimations with models (1) and (2) using dioptre in level and (3) and (4) in natural logarithm; models (1) and (3) used age in logarithm and (2) and (4) used quadratic forms. The results suggest that older children and those with younger age at onset tended to have a higher degree of myopia. Children or parents with better vision care knowledge tended to have less severity of myopia. The results are significant at the 1% or 5% significance level. Children going to private schools and families concerned about their living or activity spaces tended to have milder case of myopia. Use of long-acting mydriatics was positively related to higher dioptres of myopia. One or both parents being myopic was positively related to children's severity of myopia. Intake of food supplements and school academic performance, however, were not significantly related to the severity of myopia. (1) and (2) have dioptre in level and (3) and (4) have dioptre in natural logarithm. Income is in natural logarithm. Models (1) and (3) In terms of daily activities, time spent in studying / reading did not increase the level of myopia for children in primary school. However, it did significantly aggravate myopia for middle school and high school children. Middle school children who spent more time in exercising had lower levels of myopia. This effect, however, was not significant for those in the primary or high school levels. Usage of electronic devices did not result in a higher degree of myopia for those in primary or middle school. The effect was prominent, though, for high school students. Other activities found beneficial for eyesight included more time spent sleeping and TV watching, which might be considered as time spent in resting and relaxing.
To understand the factors that contribute to the progression of myopia, further regression analyses were performed employing the change in dioptre (in absolute value) in the past year of the sampled children. The results are presented in Table 5 .
Onset age (in natural logarithms) played the most significant role in myopia progression. Growth in height was also positively related to increase in myopia.
Regarding daily activities for elementary schoolchildren, only the length of time spent in cram school was positively associated with myopia progression. For middle school children, exercise and TV watching were significantly beneficial for controlling nearsightedness, whilst usage of electronic devices was harmful. For high school students, the only factor shown to slow down the progression of myopia was more hours of sleep. (1) and (2) Note: The vertical axis is the level of dioptre and horizontal axis is the onset age of myopia. Patients in different educational stages are categorized.
Discussion
Myopia has long been a health epidemic issue in many developed countries.
Understanding the risk factors and eye care principles related to myopia are important for promoting both the eyesight and the general health of the population as a whole, since myopia is linked to many serious eye complications. The results of our study are in general consistent with the extent research in terms of genetic factors and the impact of exercise, near work activities, and screen devices usage [ 13, 23, 24, 25 ].
Further implications can be drawn from our findings, as follows. First, the intake of food supplement did not significantly impact on schoolchildren's myopia. One may argue that the impact of food supplement can be bi-directional, since patients with more severe myopia may want to use more food supplements. After considering the endogenous nature of regression analysis, the results remain valid. With annual sales of $567 million in the food supplement market in Taiwan, of which approximately 50.85% is for eye care [ 26 ] , it is noteworthy that food supplements to prevent or control myopia may have little effect. Second, people believe that extensive reading / studying and lack of exercise are most important risk factors for myopia. However, when people are aware of this possibility and concerned that their living condition is not spacious enough, they take precautions to prevent myopia and have better eyesight than those who are not concerned. Third, better eye care knowledge in parents resulted in children with better eyesight. Fourth, the length of time in using electronic devices and hours spent in cram school were positively related to the progression of myopia. The former is especially true for high school students and the latter is especially prominent in primary school children. Lastly, it is important to build up good habits in eye protection for children in elementary schools. Even though high school students are considered to use their eyes more intensively for studying or using electronic devices than younger children, their myopia progression was not as fast as that of younger children, implying that the onset of myopia at an earlier age is especially harmful for one's vision. Therefore, delaying the onset age of myopia may reduce its severity.
Limitations
Our participants were urban schoolchildren with different levels of myopia. The results may not be applicable to students who live in rural areas with a different lifestyle. In addition, no information on comorbidities or healthcare service utilization related to other diseases was incorporated in the study. Since eye conditions can be related to other health issues, missing this information could be a potential shortcoming in this research.
Conclusion
Previous research has extensively discussed the risk factors for myopia and emphasize the significant impact on the severity of myopia and its progression of genetic factors, school achievement, and daily activities such as reading / studying behaviour and exercise. In this study, the findings suggest that near work activities and environmental factors are influential in myopia pathogenesis [ 27 ] . The length of time staying in cram school during the primary school years is positively associated with the level of myopia. The effect disappears for middle and high school students, implying that the environment factor is especially important for younger children.
Longer time spent in exercise or sleep may result in less myopia progression. Parentor self-knowledge of myopia prevention and self-awareness of being in a confined environment are related to less severity of myopia. The findings suggest that policies that promote eye care education, the awareness of environmental influences on myopia, and outdoor activities are effective measures to protect the eyes of schoolchildren and help them maintain better eyesight throughout their lives.
